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COATING COMPOSITION, POROUS SILICEOUS FILM, 
METHOD FOR PREPARING POROUS SILICEOUS FILM, AND 
SEMICONDUCTOR DEVICE 



5 TECHNICAL FIELD 

The present invention relates to a porous siliceous film 
having low permittivity, a semiconductor device comprising said 
porous siliceous film, and a coating composition for providing 
said porous siliceous film. 

10 

BACKGROUND ART 

For electronic materials such as interlayer insulation films 
for semiconductors, increased speed of integrated circuits and 
increased integration density have led to a demand for further 

15 lowered permittivity, and it is known that rendering the film 
porous is effective for lowering the specific permittivity of the 
siliceous film. The siliceous film is generally hygroscopic, and, 
under ambient environment, disadvantageously, the specific 
permittivity increases with the elapse of time. 

20 Another method in which an organic siliceous film 

prepared by firing an organic polysilazane to give an organic 
siliceous film and rendering the organic siliceous film porous is 
considered effective for preventing the increase in specific 
permittivity with the elapse of time. In this method, by virtue 

25 of the structure in which an organic group is attached directly to 
the silicon atom of silica, the film per se has a high level of 
water repellency and, thus, an increase in specific permittivity 
by hygroscopic properties with the elapse of time can be 
suppressed and, at the same time, a porous film having heat 

30 resistance and environmental resistance required of the 
interlayer insulation film for semiconductors can be realized. 

A further increase in integration density of integrated 
circuits has also led to a demand for the development of a 
multilayer interconnection process technique that can more 

35 efficiently realize an increase in the level of fineness and 
multilayer interconnection in semiconductor devices. The 
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multilayer interconnection process is typified by a damascene 
process that comprises previously forming predetermined 
grooves in an interlayer insulation film, filling a wiring material 
such as Cu (copper) into the grooves by a sputter reflow 
5 method or CVD and removing the wiring material deposited 
outside the grooves, for example, by CMP (chemical mechanical 
polishing) to form groove wiring. The advance of the groove 
wiring technique can realize a higher level of fineness of internal 
wiring in semiconductor devices and, at the same time, a higher 
10 level of multilayer interconnection through surface flattening by 
CMP. 

For increased integration density of the integrated circuit, 
the interlayer insulation film present between wirings should 
have further lowered permittivity and, in addition, should have 

15 mechanical strength high enough to withstand the step of 
removing the wiring material by CMP. Further, the interlayer 
insulation film should have resistance to various chemicals, for 
example, not only chemicals used in CMP but also chemicals 
used in the step of removing a photoresist by wet stripping, and 

20 chemicals for removing the residue after ashing in the removal 
of the photoresist by ashing. 

In order to meet the above demand, Japanese Patent 
Laid-Open No. 75982/2002 proposes a high-strength porous 
siliceous film prepared by firing a film of a composition 

25 comprising a polyalkylsilazane and a polyacrylic ester or a 
polymethacrylic ester. Certainly, this porous siliceous film has 
the effect of suppressing the increase in specific permittivity 
caused by moisture absorption with the elapse of time, but on 
the other hand, in this porous film, the modulus of elasticity is 

30 still limited to not more than 3 GPa (in the case where the 
specific permittivity is around 2.2). Therefore, a further 
improvement in film strength has been desired. 

Accordingly, an object of the present invention is to 
provide a coating composition and a porous siliceous film useful 

35 for an interlayer insulation film that has mechanical strength 
high enough to withstand an advanced high integration process 
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including a damascene process, stably exhibits a very low level 
of specific permittivity (particularly less than 2.5) and, at the 
same time, has resistance to various chemicals. 

5 DISCLOSURE OF THE INVENTION 

The present inventors have made extensive and intensive 
studies with a view to solving the above problems of the prior 
art and, as a result, could regulate the size of micropores which 
greatly affect the mechanical strength in the porous thin film. 
10 This has led to the completion of the present invention. That is, 
the present invention is defined by the following matters. 

[1] A coating composition characterized by comprising: 
an organic solvent and, contained in said organic solvent, 
1) a polyalkylsilazane and 
15 2) at least one organic resin component selected from 

the group consisting of homopolymers and copolymers of acrylic 
esters and methacrylic esters, 

group -COOH and/or group -OH being contained in at 
least a part of side groups contained in at least one type of the 
20 organic resin component. 

[2] The coating composition according to the above item 
[1], characterized in that said organic resin component has a 
number average molecular weight of 1,000 to 800,000. 

[3] The coating composition according to the above item 
25 [1] or [2], characterized in that said organic resin component is 
contained in an amount of 5 to 150% by mass based on said 
polyalkylsilazane. 

[4] The coating composition according to any one of the 
above items [1] to [3], characterized in that said group -COOH 
30 and/or group -OH are contained in an amount of 0.01 to 50% 
by mole based on the total number of monomers of said organic 
resin component. 

[5] The coating composition according to any one of the 
above items [1] to [4], characterized in that said 
35 polyalkylsilazane comprises repeating units represented by 
formula (1) and at least one type of units represented by 
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formula (2) or formula (3) and has a number average molecular 
weight of 100 to 50,000: 

-(SiR x (NR 2 )i.5)- (1) 

wherein R 1 and R 2 each independently represent a 
5 hydrogen atom or an alkyl group having 1 to 3 carbon atoms, 
excluding the case where R 1 and R 2 simultaneously represent a 
hydrogen atom; 

R 3 
I 

(-Si N— 9 (2) 

R 4 R 5 

wherein R 3 , R 4 and R 5 each independently represent a 
10 hydrogen atom or an alkyl group having 1 to 3 carbon atoms, 
excluding the case where R 3 and R 4 simultaneously represent a 
hydrogen atom; 

R 6 R 7 

I / 

(- N-S i — R 8 ) (3) 

wherein R 6 to R 9 each independently represent a 
15 hydrogen atom or an alkyl group having 1 to 3 carbon atoms, 

excluding the case where all of R 6 , R 7 , and R 8 simultaneously 

represent a hydrogen atom. 

[6] The coating composition according to the above item 

[5], characterized in that, in formula (1), R 1 represents a 
20 methyl group and R 2 represents a hydrogen atom; in formula 

(2), R 3 and R 4 represent a hydrogen atom or a methyl group 

and R 5 represents a hydrogen atom; and, in formula (3), R 7 , R 8 

and R 9 represent a methyl group and R 6 represents a hydrogen 

atom. 

25 [7] The coating composition according to the above item 

[5] or [6], characterized in that said polyalkylsilazane comprises 
not less than 50%, based on the total number of units 
represented by formulae (1), (2) and (3), of repeating units 
represented by formula (1). 

30 [8] The coating composition according to the above item 
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[7], characterized in that said polyalkylsilazane comprises not 
less than 80%, based on the total number of units represented 
by formulae (1), (2) and (3), of repeating units represented by 
formula (1). 

5 [9] A porous siliceous film characterized by being 

produced by firing a film of a coating composition according to 
any one of the above items [1] to [8], said porous siliceous film 
having a specific permittivity of less than 2.5. 

[10] A process for producing a porous siliceous film 

10 characterized by comprising coating a coating composition on a 
substrate according to any one of the above items [1] to [8] to 
form a film which is prefired in a water vapor-containing 
atmosphere at a temperature of 50 to 300°C and is then fired in 
a dry atmosphere at a temperature of 300 to 500°C. 

15 [11] The process for producing a porous siliceous film 

according to the above item [10], characterized in that the 
prefired film is allowed to stand in the atmosphere or is 
subjected to moisture absorption under a humidified 
atmosphere followed by firing. 

20 [12] A semiconductor device characterized by comprising 

a porous siliceous film according to the above item [9] as an 
interlayer insulation film. 

When the proportion of the difference between "density 
of a film free from micropores" and "density of a film having the 

25 same matrix (substrate) composition and having micropores" is 
defined as "void content/' in principle, a porous film having the 
same void content as the matrix composition has the same 
specific permittivity. In this connection, it is generally known 
that the mechanical strength increases with reducing the size of 

30 the pores and increasing the uniformity of the size of the pores. 

One of methods for reducing the size of pores is to very 
finely disperse a matrix material (for example, a heat curable 
resin component) of the film and a volatile component (for 
example, a thermoplastic organic resin component) for forming 

35 pores upon firing. Full compatibilization of these components is 
disadvantageous in that, in some cases, pores are not formed 
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during firing, or, even when the pores are successfully formed, 
the effect of lowering the permittivity cannot be attained. 
Therefore, in volatilizing the resin component, this should 
undergo phase separation to some extent. Significant phase 
5 separation, however, of course results in increased diameter of 
the formed pores. 

Although the composition comprising a polyalkylsilazane 
and a polyacrylic ester or a polymethacrylic ester proposed in 
Japanese Patent Laid-Open No. 75982/2002 has very good 

10 compatibility, there is a possibility that relatively macroscopic 
phase separation takes place under some firing conditions. 

According to the invention of the present application, a 
specific organic resin component is attached to the 
polyalkylsilazane in the substrate through its crosslinking 

15 forming group to impose given restrictions on the separation of 
the organic resin component, whereby a composition which does 
not cause macroscopic phase separation is provided. 

BEST MODE FOR CARRYING OUT THE INVENTION 
20 The coating composition according to the present 

invention is characterized by comprising: 

an organic solvent and, contained in said organic solvent, 

1) a polyalkylsilazane and 

2) at least one organic resin component selected from 
25 the group consisting of homopolymers and copolymers of acrylic 

esters and methacrylic esters, 

group -COOH and/or group -OH being contained in at 

least a part of side groups contained in at least one type of the 

organic resin component. 
30 Preferably, the polyalkylsilazane comprises, in its 

molecular chain, repeating units represented by formula (1) and 

at least one type of units represented by formula (2) or formula 

(3) or comprises all the above units and has a number average 

molecular weight of 100 to 50,000: 
35 -(SiR 1 (NR 2 )i.5)- (1) 

wherein R 1 and R 2 each independently represent a 
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hydrogen atom or an alkyl group having 1 to 3 carbon atoms, 
excluding the case where R 1 and R 2 simultaneously represent a 
hydrogen atom; 

R 3 
I 

S i N— ) (2) 



I I 
R 4 R 5 



R 6 R 7 
I / 



(- N-S i — R 8 ) (3) 

wherein R 3 , R 4 and R 5 each independently represent a 
hydrogen atom or an alkyl group having 1 to 3 carbon atoms, 
excluding the case where R 3 and R 4 simultaneously represent a 

10 hydrogen atom; and R 6 to R 9 each independently represent a 
hydrogen atom or an alkyl group having 1 to 3 carbon atoms, 
excluding the case where all of R 6 , R 7 , and R 8 simultaneously 
represent a hydrogen atom. Methyl, ethyl, and propyl groups 
may be mentioned as the alkyl group. The methyl group is a 

15 particularly preferred alkyl group. A polyalkylsilazane 
containing an alkyl group having 4 or more carbon atoms is 
unfavorable because the resultant porous film is excessively soft. 
The polyalkylsilazane defined by formula (2) is particularly 
preferably such that R 3 and R 4 represent a hydrogen atom or a 

20 methyl group, excluding the case where R 1 and R 2 
simultaneously represent a hydrogen atom; and R 5 represents a 
hydrogen atom. The polyalkylsilazane defined by formula (3) is 
particularly preferably such that R 7 , R 8 and R 9 represent a 
methyl group and R 6 represents a hydrogen atom. 

25 The polyalkylsilazane which is particularly preferred in 

the present invention comprises, in its molecular chain, 
repeating units represented by formula (1) and has a number 
average molecular weight of 100 to 50,000. The reason for 
this is that, when the number average molecular weight is not 

30 more than 100, disadvantageously, the thin film is not formed 



(this is particularly significant when the coating is carried out by 
spin coating), while, when the number average molecular 
weight exceeds 50000, the number of crosslinking groups is so 
large that gelation takes place. 
5 In the present invention, a polyalkylsilazane comprising 

repeating units represented by formula (1) and either formula 
(2) or (3), or repeating units represented by formula (1) and 
both formulae (2) and (3) is particularly useful because gelation 
during storage of the composition can be prevented. In this 

10 case, not less than 50%, preferably not less than 80%, more 
preferably not less than 90%, of the total number of units 
represented by formula (1) and either formula (2) or (3), or the 
total number of units represented by formula (1) and formulae 
(2) and (3) is accounted for by the number of repeating units 

15 represented by formula (1). This is because, when the 
proportion is not more than 50%, unfavorable phenomena such 
as repelling or uneven coating are likely to occur during film 
formation. 

These polyalkylsilazanes may be produced by using, in 

20 ammonolysis used in the synthesis of the conventional 
polysilazane which is self-evident to a person having ordinary 
skill in the art, as a starting material, an alkyltrichlorosilane 
(F^SiCb) in the case of a polyalkylsilazane comprising repeating 
units represented by formula (1); a dialkyldichlorosilane 

25 (R 3 R 4 SiCl2) in the case of a polyalkylsilazane comprising 
repeating units represented by formula (2); a 
trialkylchlorosilane (R 6 R 7 R 8 SiCI) in the case of a 
polyalkylsilazane comprising units represented by formula (3); 
or a mixture of the above chlorosilanes in the case of a 

30 polyalkylsilazane comprising both the above repeating units. 
The proportions of the individual units in the polyalkylsilazane 
are determined by the mixing ratio of these chlorosilanes. 

Preferably, the polyalkylsilazane according to the present 
invention is dissolved in an active hydrogen-free inert organic 

35 solvent before use. Such organic solvents include: aromatic 
hydrocarbon solvents such as benzene, toluene, xylene, 
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ethylbenzene, diethylbenzene, trimethylbenzene, and 
triethylbenzene; alicyclic hydrocarbon solvents such as 
cyclohexane, cyclohexene, decahydronaphthalene, 

ethylcyclohexane, methylcyclohexane, p-menthine, and 
5 dipentene (limonene); ether solvents such as dipropyl ether and 
dibutyl ether; ketone solvents such as methyl isobutyl ketone; 
and ester solvents such as propylene glycol monomethyl ether 
acetate. 

The coating composition according to the present 

10 invention may be prepared by adding, to an organic solvent 
solution containing the above polyalkylsilazane, at least one 
organic resin component selected from the group consisting of 
homo- and copolymers of acrylic esters and methacrylic esters, 
group -COOH and/or group -OH being contained in at least a 

15 part of side groups contained in at least one type of the organic 
resin component. 

Homo- and copolymers of acrylic esters and methacrylic 
esters according to the present invention include any 
combination of homopolymers of acrylic esters, for example, 

20 polymethyl acrylate and polyethyl acrylate; homopolymers of 
methacrylic esters, for example, polymethyl methacrylate and 
polyethyl methacrylate; copolymers of acrylic esters, for 
example, poly(methyl acrylate-co-ethyl acrylate); copolymers of 
methacrylic esters, for example, poly(methyl 

25 methacrylate-co-ethyl methacrylate); and copolymers of acrylic 
esters with methacrylic esters, for example, poly(methyl 
acrylate-co-ethyl metharylate). 

When the organic resin component is a copolymer, the 
sequence of monomers is not limited, and random copolymers, 

30 block copolymers and copolymers of other desired monomer 
sequence may be used. 

Monomers constituting homo- and copolymers of acrylic 
esters and methacrylic esters include, but are not limited to, 
methyl methacrylate, ethyl methacrylate, n-butyl methacrylate, 

35 i-butyl methacrylate, t-butyl methacrylate, methyl acrylate, 
ethyl acrylate, n-butyl acrylate, i-butyl acrylate, and t-butyl 



acrylate. In particular, a combination of methyl methacrylate 
with n-butyl methacrylate and a combination of n-butyl acrylate 
with i-butyl acrylate are more preferred from the viewpoint of 
compatibility with polyacrylsilazane. 
5 According to the present invention, group -COOH and/or 

group -OH are contained in at least a part of side groups 
contained in at least one type of the organic resin component. 
Group -COOH and/or group -OH may be previously contained in 
monomers for constituting the organic resin component. 

10 Monomers containing group -COOH or group -OH include, but 
are not limited to, acrylic acid, methacrylic acid, 2-hydroxyethyl 
methacrylate, 2-hydroxypropyl methacrylate, and 
2-hydroxybutyl methacrylate. In particular, acrylic acid, 
methacrylic acid, 2-hydroxyethyl methacrylate are preferred 

15 from the viewpoint of easiness on a reaction with 
polyacrylsilazane. 

Alternatively, group -COOH and/or group -OH may be 
introduced into side chains of homopolymers or copolymers later. 
For example, group -COOH may be introduced into side chains 

20 by at least partially hydrolyzing a polymethacrylic ester. 

When two or more organic resin components are present, 
the presence of group -COOH and/or group -OH in at least one 
type of the organic resin components suffices for contemplated 
results. Accordingly, a mixture of an organic resin containing 

25 neither group -COOH nor group -OH, for example, a polyacrylic 
ester, with an organic resin containing group -COOH and/or 
group -OH, for example, poly(methacrylic ester-co-methacrylic 
acid), may be used as the organic resin component. 

In the present invention, crotonic acid and isocrotonic 

30 acid, i.e., structural isomers of methacrylic acid, are recognized 
as equivalents of methacrylic acid. Therefore, embodiments in 
which crotonic acid and isocrotonic acid corresponding to the 
above methacrylic acid and its ester and their esters are used 
also fall within the scope of the present invention. 

35 The amount of the organic resin component added in the 

present invention is 5 to 150 % by mass based on the 



polyalkylsilazane used. When the amount of the organic resin 
component added is less than 5% by mass, the pore formation 
in the film is unsatisfactory, while, when the addition amount 
exceeds 150% by mass, defects such as voids or cracks occur in 
5 the film, resulting in lowered film strength. Therefore, both the 
above cases are unfavorable. The amount of the organic resin 
component added in the present invention is preferably 10 to 
120% by mass, and, in particular, the addition of the organic 
resin component in an amount of 20 to 100% by mass provides 

10 optimal results. 

In the present invention, the content of group -COOH 
and/or group -OH in the coating composition is preferably 0.01 
to 50 mol%, particularly preferably 0.1 to 30 mol%, based on 
the total number of monomers constituting the organic resin 

15 component. 

The unit containing group -COOH or group -OH contained 
in the above mixture or polymer, together with the 
polyalkylsifazane chain, forms a crosslinking bond through the 
group -COOH or group -OH. Therefore, the composition 

20 containing these units and the polyalkylsilazne as the substrate 
constitute a reaction product having a bond rather than a mere 
mixture. In this case, when the amount of group -COOH 
and/or group -OH exceeds 50% by mole, crosslinking with the 
polyalkylsilazane excessively proceeds and, thus, gelation easily 

25 occurs. On the other hand, when the amount of group -COOH 
and/or group -OH is less than 0.01% by mole, the degree of 
crosslinking is excessively low and any effect contemplated in 
the present invention cannot be attained. 

The organic resin component in the present invention has 

30 a number average molecular weight of 1,000 to 800,000. 
When the number average molecular weight is less than 1,000, 
the organic resin component is sublimated at a very low 
temperature during the formation of a fired film and, 
consequently, no porous film is formed. On the other hand, 

35 when the number average molecular weight exceeds 800,000, 
the pore diameter is increased and this increase in pore 



diameter is causative of voids, leading to lowered film strength. 
Therefore, both the above cases are unfavorable. The 
molecular weight of the organic resin component in the present 
invention is preferably in the range of 1,000 to 600,000, and, in 
5 particular, a molecular weight of 10,000 to 200,000 provides the 
optimal results. 

Thus, the organic resin component containing group 
-COOH and/or group -OH is attached to the polyalkylsilazane in 
the substrate through the group -COOH and/or group -OH to 

10 restrict the separation of the organic resin component, and, as a 
result, a composition free from macro phase separation (that is, 
the phase separation stays on the level of micro phase 
separation) can be provided. 

In mixing the organic resin component in the present 

15 invention, in general, a method may be adopted in which the 
organic resin component is dissolved in an organic solvent to 
prepare a solution, the solution is added to a polyalkylsilazane 
solution, and the mixture is stirred. In this case, the same 
organic solvent as used in the preparation of the 

20 polyalkylsilazane solution may be used. Specifically, the above 
active hydrogen-free inert organic solvent may be used as the 
organic solvent for dissolution. 

In the dissolution in this organic solvent, the 
concentration of the organic resin component in the present 

25 invention may be brought to a range of 5 to 80% by mass, 
preferably 10 to 40% by mass. 

After the addition thereof, the mixture may be physically 
stirred for 1 to 24 hr to give a homogeneous reaction solution in 
which a crosslinking bond has been formed. Further, ultrasonic 

30 dispersion treatment on a hot-water bath of 30 to 80°C for 
about 5 to 90 min is more advantageous from the viewpoint of 
accelerating the reaction. 

In this connection, it should be noted that the organic 
resin component in the present invention as such may also be 

35 added to, dissolved in and reacted with the polyalkylsilazane 
solution. 



The composition as the reaction product thus obtained 
may be used, either as such or after concentration regulation, 
as a coating composition for coating onto the surface of a base. 
The coating composition may be coated onto the surface of the 
5 base by conventional methods, for example, spin coating, dip 
coating, spray coating, or transfer. 

The coating film formed on the surface of the base may 
be fired in various atmospheres. Atmospheres usable in this 
case include substantially water vapor-free atmospheres such as 

10 dry air, dry nitrogen, and dry helium, and water 
vapor-containing atmospheres such as air, humidified air, and 
humidified nitrogen. The firing temperature is 50 to 600°C, 
preferably 300 to 500°C, and the firing time is 1 min to 1 hr. 

A preferred process for advantageously producing a 

15 siliceous film having low permittivity and good quality according 
to the present invention comprises forming the coating film on 
the surface of a base, then preheating the film in a water 
vapor-containing atmosphere, then allowing the assembly to 
stand in a humidified atmosphere for a short period of time (for 

20 example, 3 to 30 min) or in the air for a long period of time (for 
example, 24 hr), and then heat firing the assembly in a dry 
atmosphere. In this case, the content of water vapor in the 
water vapor-containing atmosphere is not less than 0.1% by 
volume, preferably not less than 1% by volume. Such 

25 atmospheres include the air, humidified air and humidified 
nitrogen gas. On the other hand, the content of water vapor in 
the dry atmosphere is not more than 0.5% by volume, 
preferably not more than 0.05% by volume. Dry atmospheres 
include dry air, nitrogen gas, argon gas, and helium gas. The 

30 preheating temperature is 50 to 300°C. On the other hand, the 
firing temperature is 100 to 500°C, preferably 300 to 500°C. 

In the above step of firing, among SiH, SiR (R: 
hydrocarbon group) and SiN bonds in the polyalkylsilazane, only 
the SiN bond is oxidized and is consequently converted to SiO 

35 bond, whereby a siliceous film containing SiH and SiR bonds 
remaining unoxidized is formed. Thus, SiO bond formed by 



selective oxidation of SiN bond and the unoxidized SiH and SiR 
bonds can be allowed to exist in the formed siliceous film, 
whereby a low-density siliceous film can be provided. In 
general, the permittivity of the siliceous film lowers with 
5 lowering the density of the film. On the other hand, when the 
density of the film is lowered, the adsorption of water as a 
highly dielectric substrate occurs and thus poses a problem that, 
when the siliceous film is allowed to stand in the air, the 
permittivity of the film is increased. On the other hand, in the 

10 case of the siliceous film according to the present invention 
containing SiH or SiR bond, since these bonds are water 
repellent, the adsorption of water can be prevented despite the 
low density of the film. Therefore, the siliceous film according 
to the present invention has a great advantage that, even when 

15 the siliceous film is allowed to stand in the water 
vapor-containing air, the permittivity of the film is not 
substantially increased. Further, the siliceous film according to 
the present invention has low density and thus is advantageous 
in that the internal stress of the film is small and cracking is 

20 less likely to occur. 

In the firing of the coating, micropores mainly having a 
diameter of 0.5 to 3 nm are formed within the siliceous film as a 
result of sublimation of the organic resin component in the 
coating film. By virtue of the presence of the pores, the 

25 density of the siliceous film is further lowered and, consequently, 
the specific permittivity of the siliceous film is further lowered. 
One of the reasons why such micropores are formed is believed 
to reside in that, in addition to very good compatibility with the 
organic resin component in the present invention, since a 

30 crosslinking bond is present between the polyalkylsilazane and 
the organic resin component containing group -COOH and/or 
group -OH, macrophase separation does not occur until the 
time immediately before the sublimation of the organic resin 
component. 

35 The porous siliceous film according to the present 

invention can form very fine pores and thus has excellent 
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mechanical strength. Specifically, the porous siliceous film 
according to the present invention has significantly high 
mechanical strength when the fact that the material is porous is 
taken into consideration, that is, has a mechanical strength of 
5 not less than 3 GPa and in some cases not less than 5 GPa in 
terms of modulus of elasticity as measured by a 
nanoindentation method which will be described later. 

Accordingly, the porous siliceous film according to the 
present invention has both mechanical strength high enough to 

10 withstand the step of removing the wiring material by CMP and 
resistance to various chemicals and thus can be used as an 
interlayer insulation film suitable for advanced high integration 
processes including a damascene process. Further, the 
resistance to various chemicals is on a high level of not more 

15 than 1.0 angstrom/min, preferably not more than 0.8 
angstrom/min, in terms of etching rate as measured, for 
example, with an etching residue peeling liquid which will be 
described later. 

Further, in the siliceous film according to the present 

20 invention, the water repellent group in the polyalkylsilazane as 
the matrix component remains unremoved after firing in a 
satisfactory amount and, hence, when it is allowed to stand in 
the water vapor-containing air, the specific permittivity which 
has been lowered due to the presence of the pores is not 

25 substantially increased. Thus, according to the present 
invention, a porous siliceous film can be provided in which, by 
virtue of lowered density and water repellency derived from 
bonding components (SiH, SiR) of the siliceous film and lowered 
density of the whole film derived from the pores in cooperation 

30 with each other, a very low level of specific permittivity of less 
than 2.5, preferably not more than 2.0, and in some cases 
about 1.6 can be stably maintained. 

Regarding other properties of the porous siliceous film 
according to the present invention, the density is 0.5 to 1.6 

35 g/cm 3 , preferably 0.8 to 1.4 g/cm 3 , and the crack limit film 
thickness is not less than 1.0 |im, preferably not less than 5|nm, 



and the internal stress is not more than 80 MPa, preferably not 
more than 50 MPa. The content of Si present as SiH or SiR (R: 
hydrocarbon group) bond contained in the siliceous film is 10 
to 100 atomic%, preferably 25 to 75 atomic%, based on the 
5 number of Si atoms contained in the film. The content of Si 
present as SiN bond is not more than 5 atomic%. The 
thickness of the porous siliceous film obtained after firing may 
vary depending upon applications of the surface of the base. In 
general, however, the thickness of the porous siliceous film is 

10 0.01 to 5 jam, preferably 0.1 to 2 ^m. In particular, when the 
porous siliceous film is used as an interlayer insulation film for 
semiconductors, the thickness is 0.1 to 2 jam. 

As described above, the porous siliceous film according to 
the present invention has low density and is also advantageous 

15 in that the crack limit film thickness, that is, the maximum film 
thickness which can form a film without cracking is as high as 
not less than 5 \im. In the conventional siliceous film, the 
crack limit film thickness is about 0.5 to 1.5 (im. Accordingly, 
the siliceous film according to the present invention has a great 

20 technical advantage over the conventional siliceous film. 

The present invention provides for the first time a porous 
siliceous film that has a good balance between stable low 
permittivity, and mechanical strength high enough to withstand 
advanced fine wiring processes and resistance to various 

25 chemicals. The use of the porous siliceous film according to 
the present invention as an interlayer insulation film for 
semiconductor devices can realize a higher level of integration 
and a multi-level interconnection of integrated circuits. In 
addition to applications as interlayer insulation films, the 

30 coating composition according to the present invention can be of 
cause used to form a siliceous film on a solid surface of various 
materials such as metals, ceramics, wood and the like. The 
present invention can provide a metal substrate (for example, 
silicon, SUS, tungsten, iron, copper, zinc, brass, or aluminum) 

35 having a siliceous film on its surface and a ceramic substrate 
(for example, silica, a metal oxide such as alumina, magnesium 



oxide, titanium oxide, zinc oxide, or tantalum oxide, and, further, 
silicon nitride, boron nitride, a metal nitride such as titanium 
nitride, or silicon carbide) having a siliceous film on its surface. 

5 EXAMPLES 

The following Examples further illustrate the present 
invention. In the following Examples, the physical properties of 
siliceous films were evaluated by the following methods. 

(Specific permittivity) A Pyrex (registered trademark) 

10 glass plate manufactured by Corning Inc. (thickness 1 mm, size 
50 mm x 50 mm) was well cleaned with a neutral detergent, a 
dilute aqueous NaOH solution, and a dilute aqueous H2SO4 
solution in that order and was then dried. An Al film was 
formed on the whole area of this glass plate by vacuum vapor 

15 deposition (0.2 urn). The composition solution was spin coated 
onto this glass plate to form a film, and the four corners of the 
glass plate were then rubbed with a swab to remove the 
polyalkylsilazane film (about 3 mm x 3 mm) for acquisition of 
electrode signals. Subsequently, this was converted to a 

20 siliceous film by the method according to Examples or 
Comparative Examples. An SUS mask was covered on the 
siliceous film thus formed, and an Al film was formed thereon by 
vacuum vapor deposition (18 patterns having a size of 2 mm x 2 
mm square and a thickness of 2 |i). The capacitance was 

25 measured with a 4192 ALF Impedance Analyzer, manufactured 
by YHP (100 kHz). The layer thickness was measured with 
Spectroscopic Ellipsometer (M-44, manufactured by J. A. 
Woollam). The specific permittivity was calculated by the 
following equation. 

30 Specific permittivity = (capacitance [pF]) x (layer 

thickness [)im])/35.4 

The value of the specific permittivity was a 18-point 
average value. 

(Film density) The weight of a silicon wafer having a 
35 diameter of 4 in. (10.16 cm) and a thickness of 0.5 mm was 
measured with an electrobalance. The composition solution 



was spin coated onto the silicon wafer to form a film which was 
then converted to a siliceous film by the method according to 
Examples or Comparative Examples. The weight of the silicon 
wafer with the film was then measured with an electrobalance. 
5 The difference in weight between the measured weight of the 
wafer and the measured weight of the wafer with the film was 
regarded as the weight of the film. The film thickness was 
measured with Spectroscopic Ellipsometer (M-44, manufactured 
by J. A. Woollam), the same device as used in the evaluation of 
10 the specific permittivity. The film density was calculated by the 
following equation. 

Film density [g/cm 3 ] = (film weight [g])/(film thickness 
bim])/0.008 

(Internal stress) The level of warpage of a silicon wafer 

15 having a diameter of 8 in. (20.32 cm) and a thickness of 1 mm 
was input in a laser internal stress measuring device FLX-2320, 
manufactured by KLA-Tencor Corporation. The composition was 
spin coated onto this silicon wafer to form a film which was then 
converted to a siliceous film by the method according to 

20 Examples or Comparative Examples. The temperature of the 
assembly was returned to room temperature (23°C), followed by 
measurement of the internal stress with a laser internal stress 
measuring device FLX-2320, manufactured by KLA-Tencor 
Corporation. The film thickness was measured with 

25 Spectroscopic Ellipsometer (M-44, manufactured by J. A. 
Woollam), the same device as used in the evaluation of the 
specific permittivity. 

(Crack limit film thickness) The composition solution was 
spin coated onto a silicon wafer having a diameter of 4 in. 

30 (10.16 cm) and a thickness of 0.5 mm to form a film which was 
then converted to a siliceous film by the method according to 
Examples or Comparative Examples. Samples having film 
thicknesses varied in the range of about 0.5 jam to about 5 \xm 
were prepared by regulating the concentration of the solid 

35 matter in the composition solution or the rotating speed of the 
spin coater. Thin films after firing were observed under a 
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microscope (x 120) for inspection of cracks to determine the 
crack-free maximum film thickness as the crack limit film 
thickness. 

(Modulus of elasticity/nanoindentation method) The 
5 composition solution was spin coated on a silicon wafer having a 
diameter of 8 in. (20.32 cm) and a thickness of 1 mm to form a 
film which was then converted to a siliceous film by the method 
according to Examples or Comparative Examples. For the 
siliceous film thus obtained, the modulus of elasticity was 

10 measured by a mechanical property evaluation system for a thin 
film (Nano Indenter DCM, manufactured by MTS Systems 
Corporation, US) . 

(Etching rate) The etching rate was determined by 
measuring the film thickness with Spectroscopic Ellipsometer 

15 (M-44), manufactured by J. A. Woollam and dividing the film 
thickness by chemical treatment time (min). The chemical 
used in the measurement of the etching rate is described in 
each Example which will be described later. 

(Measurement of pore diameter) The composition 

20 solution was spin coated on a silicon wafer having a diameter of 
8 in. (20.32 cm) and a thickness of 1 mm to form a film which 
was then converted to a siliceous film by the method according 
to Examples or Comparative Examples. The pore diameter of 
the film thus formed was measured by an X-ray diffuse 

25 scattering method using an XRD apparatus (ATX-G-type 
Advanced X-ray Diffractometer for surface structure evaluation, 
manufactured by Rigaku Corporation). 
Reference Example 1 [Synthesis of polymethylsilazane (1)] 

A stainless steel tank for raw material supply was 

30 mounted on a stainless steel tank reactor having an internal 
volume of 5 L. The air within the reactor was replaced by dry 
nitrogen. Thereafter, 780 g of methyltrichlorosilane was placed 
in the stainless steel tank for raw material supply and was 
pressure fed to and introduced into the reaction tank by 

35 nitrogen. Next, a raw material supply tank containing pyridine 
was connected to the reactor, and 4 kg of pyridine was pressure 
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supplied by nitrogen in the same manner as described above. 
The pressure of the reactor was regulated to 1.0 kg/cm 2 , and 
the temperature was regulated so that the temperature of the 
mixed solution within the reactor was brought to -4°C. 
5 Ammonia was blown into the mixed solution with stirring, and, 
when the pressure of the reactor reached 2.0 kg/cm 2 , the 
supply of ammonia was stopped. An exhaust line was opened 
to lower the pressure of the reactor, and, subsequently, dry 
nitrogen was blown into the liquid layer for one hr to remove 

10 excess ammonia. The product thus obtained was filtered under 
pressure through a pressure filter in a dry nitrogen atmosphere 
to give 3200 mL of a filtrate. Pyridine was removed by 
evaporation by means of an evaporator to give about 340 g of 
polymethylsilazane. The number average molecular weight of 

15 the polymethylsilazane thus obtained was measured by GPC 
(developing liquid: CHCI3) and was found to be 1800 in terms of 
polystyrene. In the IR (infrared absorption) spectrum of the 
polymethylsilazane, absorption attributable to N-H was observed 
at wavenumbers (cm" 1 ) 3350 and around 1200; absorption 

20 attributable to Si-C was observed at 2900 and 1250; and 
absorption attributable to Si-N-Si was observed at 1020 to 820. 
Reference Example 2 [Synthesis of polymethylsilazane (2)] 

Polymethylsilazane (about 370 g) was synthesized in the 
same manner as in Reference Example 1, except that, instead of 

25 780 g of methyltrichlorosilane, a mixture of 720 g of 
methyltrichlorosilane (about 4.8 mol) with 65 g of 
dimethyldichlorosilane (about 0.5 mol) (methyltrichlorosilane : 
dimethyldichlorosilane = 95 : 10 (mol/mol)) was used as the 
starting material. The number average molecular weight of the 

30 polymethylsilazane thus obtained was measured by GPC 
(developing liquid: CHCI 3 ) and was found to be 1400 in terms of 
polystyrene. In the IR (infrared absorption) spectrum of the 
polymethylsilazane, absorption attributable to N-H was observed 
at wavenumbers (cm -1 ) 3350 and around 1200; absorption 

35 attributable to Si-C was observed at 2900 and 1250; and 
absorption attributable to Si-N-Si was observed at 1020 to 820. 
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Example 1: 

A solution prepared by thoroughly dissolving 2 g of 
poly(n-butyl methacrylate (68 mol%) - methyl methacrylate 
(30 mol%) - methacrylic acid (2 mol%)) having a molecular 
5 weight of about 19,000 and 1 g of polyisobuyl acrylate having a 
molecular weight of 20,000 in 17 g of propylene glycol 
monomethyl ether acetate (hereinafter referred to as "PGMEA") 
was mixed in 80 g of a 15% PGMEA solution of 
polymethylsilazane synthesized in Reference Example 1 with 

10 thorough stirring. Subsequently, the solution was filtered 
through a PTFE Syringe Filter with a filtration accuracy of 0.2 
^im, manufactured by Advantec Toyo Kaisha Ltd. The filtrate 
was spin coated onto a silicon wafer having a diameter of 10.2 
cm (4 in.) and a thickness of 0.5 mm (2000 rpm, 20 sec), and 

15 the coating was dried at room temperature (5 min). 
Subsequently, the silicon wafer was heated in the atmosphere 
(25°C, relative humidity 40%) on a hot plate of 150°C and then 
250°C each for 3 min. This film was allowed to stand in the 
atmosphere (25°C, relative humidity 40%) for 24 hr and was 

20 then fired in a dry nitrogen atmosphere at 400°C for 30 min. 
For the IR (infrared absorption) spectrum of the product, 
absorption attributable to Si-0 at wavenumbers (cm -1 ) 1100 and 
450, absorption attributable to Si-C at wavenumbers (cm" 1 ) 
1270 and 770, and absorption attributable to C-H at 

25 wavenumber (cm' 1 ) 2970 were mainly observed, while 
absorption attributable to N-H at wavenumbers (cm" 1 ) 3350 and 
1200 and absorption attributable to (n-butyl methacrylate - 
methyl methacrylate - methacrylic acid) and polyisobutyl 
acrylate disappeared. 

30 The film thus obtained was evaluated. As a result, the 

film had a specific permittivity of 2.21, a density of 1.0 g/cm 3 , 
an internal stress of 30 MPa, and a crack limit film thickness of 
not less than 5 |im. Further, the film was allowed to stand in 
the atmosphere at a temperature of 23°C and a relative 

35 humidity of 50% for one week, and the specific permittivity was 
measured again. As a result, it was found that the specific 



permittivity remained unchanged. The modulus of elasticity of 
this film was measured by the nanoindentation method and was 
found to be 3.2 GPa. Further, the resistance (compatibility) of 
the siliceous film was examined using ACT-970 (manufactured 
5 by Ashland Chemical Company), ST-210, ST-250 (manufactured 
by ATMI), EKC265, and EKC640 (manufactured by EKC) which 
are extensively used as an etching residue peeling liquid. As a 
result, it was found that the etching rate was not more than 0.6 
angstrom/min, and an increase in permittivity as determined by 
10 this test was not more than 1.0%. 

The pore diameter of this film was measured by the X-ray 
diffuse scattering method. As a result, it was found that the 
average pore diameter was 20 angstroms. 
Example 2: 

15 A solution prepared by thoroughly dissolving 3 g of 

poly(iso-butyl methacrylate (71 mol%) - methyl methacrylate 
(28 mol%) - acrylic acid (1 mol%)) having a molecular weight 
of about 20,000 in 17 g of "PGMEA" was mixed in 80 g of a 15% 
PGMEA solution of polymethylsilazane synthesized in Reference 

20 Example 1 with thorough stirring. Subsequently, the solution 
was filtered through a PTFE Syringe Filter with a filtration 
accuracy of 0.2 jam, manufactured by Advantec Toyo Kaisha Ltd. 
The filtrate was spin coated onto a silicon wafer having a 
diameter of 10.2 cm (4 in.) and a thickness of 0.5 mm (2000 

25 rpm, 20 sec), and the coating was dried at room temperature (5 
min). Subsequently, the silicon wafer was heated in the 
atmosphere (25°C, relative humidity 40%) on a hot plate of 
150°C and then 280°C each for 3 min. This film was allowed to 
stand in the atmosphere (25°C, relative humidity 40%) for 24 hr 

30 and was then fired in a dry nitrogen atmosphere at 400°C for 30 
min. For the IR (infrared absorption) spectrum of the product, 
absorption attributable to Si-0 at wavenumbers (cm" 1 ) 1020 and 
450, absorption attributable to Si-C at wavenumbers (cm" 1 ) 
1270 and 780, and absorption attributable to C-H at 

35 wavenumber (cm" 1 ) 2970 were mainly observed, while 
absorption attributable to N-H at wavenumbers (cm" 1 ) 3350 and 



1200 and absorption attributable to poly(iso-butyl methacrylate 
- methyl methacrylate - acrylic acid) disappeared. The film 
thus obtained was evaluated. As a result, the film had a 
specific permittivity of 2.19 and a density of 1.0 g/cm 3 , an 
5 internal stress of 32 MPa, and a crack limit film thickness of not 
less than 5 ^m. Further, the film was allowed to stand in the 
atmosphere at a temperature of 23°C and a relative humidity of 
50% for one week, and the specific permittivity was measured 
again. As a result, it was found that the specific permittivity 

10 remained unchanged. The modulus of elasticity of this film was 
measured by the nanoindentation method and was found to be 
3.5 GPa. Further, the resistance (compatibility) of the siliceous 
film was examined using ACT-970 (manufactured by Ashland 
Chemical Company), ST-210, ST-250 (manufactured by ATMI), 

15 EKC265, and EKC640 (manufactured by EKC) "which are 
extensively used as an etching residue peeling liquid. As a 
result, it was found that the etching rate was not more than 0.6 
angstrom/min, and an increase in permittivity as determined by 
this test was not more than 1.1%. 

20 The pore diameter of this film was measured by the X-ray 

diffuse scattering method. As a result, it was found that the 
average pore diameter was 18 angstroms. 
Example 3 

A solution prepared by thoroughly dissolving 8 g of 
25 poly(n-butyl methacrylate (80 mol%) - hydroxyethyl 
■ methacrylate (20 mol%)) having a molecular weight of about 
100,000 in 32 g of PGMEA was mixed in 160 g of a 20% PGMEA 
solution of polymethylsilazane synthesized in Reference Example 
2 with thorough stirring. Subsequently, the solution was 
30 filtered through a PTFE Syringe Filter with a filtration accuracy 
of 0.2 |im, manufactured by Advantec Toyo Kaisha Ltd. The 
filtrate was spin coated onto a silicon wafer having a diameter 
of 20.3 cm (8 in.) and a thickness of 1 mm (3500 rpm, 20 sec), 
and the coating was dried at room temperature (5 min). 
35 Subsequently, the silicon wafer was heated in the atmosphere 
(25°C, relative humidity 40%) on a hot plate of 150°C and then 
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250°C each for 3 min. This film was placed in a humidifier of 
temperature 70°C and relative humidity 85% for 3 min and was 
then fired in a dry nitrogen atmosphere at 400°C for 10 min. 
For the IR (infrared absorption) spectrum of the product, 
5 absorption attributable to Si-0 at wavenumbers (cm" 1 ) 1020 and 
440, absorption attributable to Si-C at wavenumbers (cm" 1 ) 
1290 and 770, and absorption attributable to OH at 
wavenumber (cm" 1 ) 2980 were mainly observed, while 
absorption attributable to N-H at wavenumbers (cm" 1 ) 3350 and 

10 1200 and absorption attributable to poly(n-butyl methacrylate - 
hydroxyethyl methacrylate) disappeared. The film thus 
obtained was evaluated. As a result, the film had a specific 
permittivity of 2.04 and a density of 0.9 g/cm 3 , an internal 
stress of 25 MPa, and a crack limit film thickness of not less 

15 than 5 jam. Further, the film was allowed to stand in the 
atmosphere at a temperature of 23°C and a relative humidity of 
50% for one week, and the specific permittivity was measured 
again. As a result, it was found that the specific permittivity 
remained unchanged. The modulus of elasticity of this film was 

20 measured by the nanoindentation method and was found to be 
3.1 GPa. Further, a compatibility test of the siliceous film was 
carried out using ACT-970 (manufactured by Ashland Chemical 
Company), ST-210, and ST-250 (manufactured by ATMI) which 
are extensively used as an etching residue peeling liquid. As a 

25 result, it was found that the etching rate was not more than 0.7 
angstrom/min, and an increase in permittivity as determined by 
this test was not more than 1.5%. The pore diameter of this 
film was measured by the X-ray diffuse scattering method. As 
a result, it was found that the average pore diameter was 21 

30 angstroms. 

Comparative Example 1 

A solution prepared by thoroughly dissolving 3 g of 
poly-n-butyl methacrylate having a molecular weight of about 
160,000 in 17 g of dibutyl ether was mixed in 80 g of a 15% 

35 dibutyl ether solution of polymethylsilazane synthesized in 
Reference Example 1 with thorough stirring. Subsequently, the 
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solution was filtered through a PTFE Syringe Filter with a 
filtration accuracy of 0.2 nm, manufactured by Advantec Toyo 
Kaisha Ltd. The filtrate was spin coated onto a silicon wafer 
having a diameter of 10.2 cm (4 in.) and a thickness of 0.5 mm 
5 (2000 rpm, 20 sec), and the coating was dried at room 
temperature (5 min). Subsequently, the silicon wafer was 
heated in the atmosphere (25°C, relative humidity 40%) on a 
hot plate of 150°C and then 250°C each for 3 min. This film 
was allowed to stand in the atmosphere (25°C, relative humidity 

10 40%) for 24 hr and was then fired in a dry nitrogen atmosphere 
at 400°C for 30 min. For the IR (infrared absorption) spectrum 
of the product, absorption attributable to Si-0 at wavenumbers 
(cm" 1 ) 1030 and 450, absorption attributable to Si-C at 
wavenumbers (cm" 1 ) 1270 and 780, and absorption attributable 

15 to C-H at wavenumber (cm" 1 ) 2970 were mainly observed, while 
absorption attributable to N-H at wavenumbers (cm" 1 ) 3350 and 
1200 and absorption attributable to polyisobutyl methacrylate 
disappeared. The film thus obtained was evaluated. As a 
result, the film had a specific permittivity of 2.31 and a density 

20 of 1.1 g/cm 3 , and an internal stress of 35 MPa. However, as a 
result of the measurement of the pore diameter of this film by 
the X-ray diffuse scattering method, the average pore diameter 
was as large as 70 angstroms. Further, the modulus of 
elasticity was measured by the nanoindentation method and 

25 was found to be 2.6 GPa. 

From the above Examples, it is apparent that, when an 
organic resin component containing group -COOH and/or group 
-OH is contained, the size of pores of the formed film is smaller 
than that of films formed using the conventional coating 

30 composition, and, thus, a film having improved mechanical 
strength can be realized. 

INDUSTRIAL APPLICABILITY 

The porous siliceous film provided by the present 
35 invention stably exhibits a very low level of specific permittivity 
and, in addition, has mechanical strength and adhesion high 
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enough to withstand advanced high integration processes 
including CMP and has resistance to various chemicals. 
Therefore, the porous siliceous film provided by the present 
invention is particularly useful as an interlayer insulation film for 
5 semiconductor devices that is suitable for advanced high 
integration processes including a damascene process. 



